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(54) Liquid crystal dispersed polymer electrooptical films having reverse morphology 



(57) The invention provides a liquid crystal dis- 
persed polymer electrooptical film comprising a liquid 
crystal material and a polymer material in which the 
electrooptical film has a reverse morphology and the liq- 
uid crystal material has cholesteric properties. The 
invention also provides a liquid crystal dispersed poly- 
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mer electrooptical film comprising a liquid crystal mate- 
rial and a polymer material in which the electrooptical 
film has a reverse morphology and substantially no 
memory effect. Methods for making these electrooptical 
films are also provided. 
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Description 

Field of the Invention 

5 [0001] The present invention relates to Dquid crystal dispersed polymer (LCDP) electroopticai films. These LCDP 
electrooptical f Oms compris a discontinuous polymer phase dispersed in a continuous liquid crystal phase. 

Background of the invention 

w [0002] Polymer dispersed Dquid crystal (PDLC) electrooptical films are known. See U.S. Patent No. 4,435.047 to Fer- 
gasoa In a PDLC electrooptical fflm a discontinuous liquid crystal phase is dispersed in a continuous polymer phase. 
PDLC electrooptical films can be used in switchable windows, fight modulators, displays, and other types of devices to 
control light transmission. 

[0003] Composites of liquid crystals dispersed in a polymer matrix, such as polymer dispersed liquid crystal (PDLC) 

15 and nematic curvilinearly aligned phase (NCAP) devices, generally comprise droplets of a biaxially birefringent, 
nematic liquid crystal material dispersed in a transparent polymeric matrix. Such devices are of interest because they 
can be electrically controlled or switched between relatively translucent (i.e., light scattering or nearly opaque) and rel- 
atively transparent (i.e., light transmitting) states. This switching is possfcle because the liquid' crystal droplets exhfoit 
birefringence, i.e., optical anisotropy. AD liquid crystals have two indices of refraction: an extraordinary index of refrac- 

20 tion measured along the long axis of the rigid rodlike liquid crystals, and a smaller ordinary index of refraction measured 
in a plane perpendicular to the long axis. As a result the droplets strongly scatter light when they are randomly oriented 
in the matrix and the devices appear translucent (or nearly opaque). On the application of either an electric field or a 
magnetic field, however, the long axes of the liquid crystal droplets become aligned along the direction of the elec- 
tric/magnetic field vector and more directly transmit light. 

25 [0004] If the refractive indices of the liquid crystal material and the polymer matrix are closely matched while in the 
field-induced, aligned state, the devices appear transparent Thus, upon the application of an electric or magnetic field, 
for example, the device switches from a state in which it appears translucent (nearly opaque) to a state in which it 
appears transparent. Upon removal of the electrical or magnetic field, the device reverts to a translucent (opaque) state. 
[0005] Devices containing composites of liquid crystals dispersed in a polymer matrix have been used as light valves, 

30 fitters, shutters, information displays, and in architectural glass and windows. 

[0006] In scientific investigations of PDLC technology, a phenomenon known as reverse morphology or microsphere 
morphology has been mentioned infrequently. In a reverse morphology system the polymer phase is dispersed in a 
continuous liquid crystal phase. Reverse morphology systems are more difficult to use than typical PDLC systems 
because the liquid crystal phase is not neatly encapsulated within the polymer phase and there often is less polymer to 

35 provide strength to the film in a reverse morphology system. 

[0007] Reverse morphology systems have been deserved previously. Yamagishi et al., Proc. SPIE, 108024-31 
(1989) describes a reverse morphology system having a nematic liquid crystal and a memory effect. Nomura et al., J. 
Appl. Phys., 68(6)2922-2926 (1990) describes an electrooptical fOm with a nematic liquid crystal component, con- 
nected polymer microspheres, and a memory effect. These documents do not disclose reverse morphology systems 

40 having no memory effect and they do not disclose reverse morphology systems with a liquid crystal having cholesteric 
properties. 

[0008] In comparison with a traditional PDLC f Dm with microdroplet morphology ("Swiss cheese" morphology, where 
the continuous phase is the polymer matrix and discontinuous phase is composed of liquid crystal microdroplets), a typ- 
ical LCDP film with reverse morphology has the following advantages: (1) single-mode and dual-mode function (with 
45 cholesteric liquid crystal); (2) lower haze (both modes with cholesteric liquid crystal); (3) improvements in transparency, 
contrast ratio, and resistivity; and (4) less brittieness. 

Summary of the INVENTION 

so [0009] The invention provides a liquid crystal dispersed polymer electrooptical film comprising a liquid crystal material 
and a polymer material in which the electrooptical film has a reverse morphology and the liquid crystal material has 
cholesteric properties; in this embodiment the electrooptical film can have a memory effect or substantiall y no memory 
effect. The invention also provides a Dquid crystal dispersed polymer electrooptical f Dm comprising a liquid crystal mate- 
rial and a polymer material in which the electrooptical film has a reverse morphology and substantially no memory 

55 effect; in this embodiment the liquid crystal may have cholesteric or nematic properties. 

[0010] The invention provides a method for producing a liquid crystal dispersed polymer electrooptical fflm compris- 
ing: (a) providing a mixture of a liquid crystal material and a prepolymer material; (b) curing the mixture with ultraviolet 
radiation; and (c) cooling the result of step (b). to form an electrooptical fflm with a reverse morphology. 
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[001 1 ] The invention also provides a method for producing a liquid crystal dispersed polymer electrooptical film com- 
prising: (a) providing a mixture off a liquid crystal material and a prepolymer material; (b) cooGng the mixture of step (a); 
and (c) curing the mixture off step (b) with ultraviolet radiation, to form an electrooptical film with a reverse morphology. 
[001 2] Additional features and advantages off the invention are set forth in the description which follows and in part 
5 win be apparent from the description. The objectives and other advantages of the invention will be realized and attained 
by the LCDP films, their uses, and their methods off manufacture as particularly pointed out in the written description, 
claims, and appended drawings. It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory and are intended to provide further explanation of the invention as 
claimed. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

15 Fig. 1 shows the coater/laminator used in some of the Examples. ITO-PET fOm unwinds 20, 22, and 26 release the 
ITO-PETfilm. Unwinds 20 and 22 are used for dry lamination (SIPS-PIPS or 

UV-PIPS) and unwinds 20 and 26 are used for wet lamination (TIPS). Temperature ovens 10 and 12 provide heat 

when necessary. UV oven 14 provides ultraviolet fight and has UV lights 16 and 18. The liquid crystal prepolymer 

mixture is injected by injector 24. 
20 Fig. 2 shows the morphology of the electrooptical film of Example 1 . 

Fig. 3 shows the morphology of the electrooptical film of Example 2. 

Fig. 4 shows the morphology of the electrooptical fOm off Example 3. 

Fig. 5 shows the morphology off the electrooptical f Dm of Example 4. 

Fig. 6 shows the morphology of the electrooptical fflm of Example 5. 
25 Fig. 7 chows the morphology off the electrooptical film off Example 6. 

Fig. 8 shows the morphology of the electrooptical film of Example 7. 

Fig. 9 shows the morphology of the electrooptical film of Example 8. 

Fig. 10 shows the morphology off the electrooptical film of Example 15. 

Fig. 1 1 shows the transmission-voltage curves of the electrooptical film of Example 1 5. 
30 Fig. 12 shows the morphology of the electrooptical film of Example 16. 

Fig. 1 3 shows the transmission-voltage curves of the electrooptical film of Example 1 6. 

Fig. 14 shows the transmission-voltage curves of the electrooptical film off Example 17. 

Fig. 15 shows the transmission-voltage curves off the electrooptical film of Example 18. 

Fig. 16 shows the transmission-voltage curves of the electrooptical film of Example 19. 

35 

DETAILED DESCRIPTION OF THE INVENTION 

[0014] With particular reference to Figure 1 , the mix is applied to a substrate based on ITO-PET, which is wound on 
a roll 20 before the application, is unwound from the roll 20 during the application, and is finally wound onto a second 
40 roll, not shown, after the setting of the mix. Generally, the mix is covered with a second substrate based on ITO-PET. 
The second substrate is wound on a third roll 22 before application, is unwound from the roll 22 during application, and 
is finally wound onto the second roll after the setting of the mix. 

[001 5] The following text describes the preparation and fabrication process off liquid crystal dispersed polymer elec- 
trooptical films on rigid and flexible conductive supports using Polymerization Induced Phase Separation (PIPS) and 
45 Thermally Induced Phase Separation (TIPS) methods. The LCDP films were prepared by either a one step process 
(i.e., PIPS or TIPS) or a two step process (i.e., TIPS/PIPS. PIPS/TIPS). Thermoset, thermoplastic, and UV-curable pol- 
ymers and nematic and cholesteric liquid crystals were used in the formulations and preparation processes. 
[0016] The film preparation procedures used were roll-to-roll coating and laminating techniques using either a lab 
coater or a pilot plant system. 

so [001 7] The invention provides a liquid crystal dispersed polymer electrooptical film comprising a liquid crystal material 
and a polymer material in which the electrooptical film has a reverse morphology and the liquid crystal material has 
cholesteric properties. The liquid crystal material can comprise a nematic liquid crystal material and a chiral material; 
the liquid crystal material can comprise a chiral liquid crystal material. The liquid crystal material can comprise a chol- 
esteric liquid crystal. 

55 [0018] In one embodiment off the invention the electrooptical film has substantially no memory effect; in another 
embodiment of the invention the electrooptical film has a memory effect In a preferred embodiment of the invention the 
electrooptical film has a contrast ratio greater than 10, more preferably than 12. In another embodiment the electroop- 
tical film has a resistivity at 1 000 Hz that is at least 50 percent greater than the resistivity of the comparison PDLC sam- 
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pie of Example 10, preferably at least 75 percent greater than the resistivity of the comparison PDLC sample of 
«. Example 10. 

[001 9] In one embodiment of the invention, the electrooptical f Dm comprises greater than 20 percent by weight of pol- 
ymer material relative to the total weight of liquid crystal material and polymer material. In other embodiments of the 
5 invention the electrooptical film comprises 30 percent or more by weight of polymer material; 40 percent or more by 
weight of polymer material; 50 percent or more by weight of polymer material; or 60 percent or more by weight of poly- 
mer material. 

[0020] The electrooptical film has a reverse morphology, but there are different types of reverse morphologies. In one 
embodiment of the invention, the electrooptical film has the macro phase separation morphology. An example of the 
10 macro phase separation is shown in Fig. 5. In another embodiment of the invention, the electrooptical fflm has the indi- 
vidual microsphere morphology. Examples of the individual microsphere morphology are shown in Figs. 3 and 4. 
[0021 ] In still another embodiment of the invention, the electrooptical film has the substantially joined together micro- 
sphere morphology as shown in Figs. 6 and 7. 

[0022] The electrooptical film can comprises spacers such as microspheres, microrods, or microffoers; in another 
15 embodiment, the electrooptical film does not corrprise spacers. The microspheres formed in the method of the inven- 
tion can substitute for spacers in certain embodiments of the invention. The electrooptical f 9m can comprise a plastic 
sheet electrode, preferably at least two plastic sheet electrodes. 

[0023] The invention also provides a liquid crystal dispersed polymer electrooptical film comprising a liquid crystal 
material and a polymer material in which the electrooptical film has a reverse morphology and substantially no memory 
20 effect. 

[0024] In one embodiment of the invention, the electrooptical film comprises greater than 20 percent by weight of pol- 
ymer material relative to the total weight of liquid crystal material and polymer materia). In other embodiments of the 
invention the electrooptical film comprises 30 percent or more by weight of polymer material; 40 percent or more by 
weight of polymer material; 50 percent or more by weight of polymer material; 55 percent or more by weight of polymer 

25 material; or 60 percent or more by weight of polymer material. 

[0025] In another embodiment of the invention, the liquid crystal material has cholesteric properties. The liquid crystal 
material having cholesteric properties can comprise a nematic liquid crystal material and a chiral material; the liquid 
crystal material having cholesteric properties can comprise a chiral liquid crystal material. The liquid crystal material 
having cholesteric properties can be a cholesteric liquid crystal. The liquid crystal material can have nematic properties; 

30 the liquid crystal material can comprise a nematic liquid crystal. 

[0026] In a preferred embodiment of the invention the electrooptical film has a contrast ratio greater than 10. more 
preferably than 12. In another embodiment the electrooptical fflm has a resistivity at 1000 Hz that is at least 50 percent 
greater than the resistivity of the comparison PDLC sample of Example 10, preferably at least 75 percent greater than 
the resistivity of the comparison PDLC sample of Example 10. 

35 [0027] The electrooptical film can have the macro phase separation morphology, the individual microsphere morphol- 
ogy, or the substantially joined together microsphere morphology. 

[0028] The electrooptical film can comprises spacers such as microspheres, microrods, or microfibers; in another 
embodiment, the electrooptical film does not comprise spacers. The microspheres formed in the method of the inven- 
tion can substitute for spacers in certain embodiments of the invention. The electrooptical film can comprise a plastic 

40 sheet electrode, preferably at least two plastic sheet electrodes. 

[0029] The invention provides a method for producing a liquid crystal dispersed polymer electrooptical fflm compris- 
ing: (a) providing a mixture of a liquid crystal material and a prepolymer material; (b) curing the mixture with ultraviolet 
radiation: and (c) cooling the result of step (b). to form an electrooptical fflm with a reverse morphology. 
[0030] The invention also provides a method for producing a liquid crystal dispersed polymer electrooptical film com- 

45 prising: (a) providing a mixture of a liquid crystal material and a prepolymer material; (b) cooling the mixture of step (a); 
and (c) curing the mixture of step (b) with ultraviolet radiation, to form an electrooptical film with a reverse morphology. 
[0031] In one embodiment of this method, the liquid crystal material has cholesteric properties. The liquid crystal 
material having cholesteric properties can comprise a nematic liquid crystal materia) and a chiral material; the liquid 
crystal material having cholesteric properties can comprise a chiral liquid crystal material. 

so [0032] In this method, the electrooptical film can have the macro phase separation morphology, the individual micro- 
sphere morphology, or the substantially joined together microsphere morphology. In one embodiment of this method, 
the electrooptical film has substantially no memory effect 

[0033] The invention also provides an electrooptical device comprising a source of electrical impulses and an elec- 
trooptical film of the invention, wherein the electrooptical fflm has a memory effect and the fflm is periocfically subjected 
55 to an electrical impulse from the source to maintain the transparency or opacity of the film. Using the memory effect and 
periodic electrical impulses, the power consumption of the elecrooptical device can be reduced. 
[0034] Various phase separation processes can be used to make LCDP elecrooptical films. Such phase separation 
processes include the following. 
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